is predominately cross-pollinated. Some accessions exhibit a protogynous flowering behavior where the stigmas are extruded from the florets prior to anther exser-
is a segmental allotetraploid because its chromosomes pending on the accession and pollen source. Mean seed set ranged typically pair as one or two quadrivalents and 16 or 14 from 11 to 76% and from 22 to 80% among accessions following selfbivalents during diakinesis of meiosis I. However, it is and cross-pollination, respectively. This investigation revealed that not uncommon to find plants with 2n ϭ 5x ϭ 45 and variation exists for protogynous interval within buffelgrass, and the stigmas are receptive when exserted from the floret and remain re6x ϭ 54 chromsomes as well as aneuploids of these three ceptive throughout duration of the protogynous interval regardless ploidy levels (Fisher et al., 1954; Bashaw and Hig- of whether it occurs 3, 2, or 1 d prior to anthesis. These findings night, 1990) .
demonstrate that protogyny can be used to produced controlled hyLike most warm-season perennial grasses, buffelgrass brids in sexual buffelgrass without emasculation.
is predominately cross-pollinated. Some accessions exhibit a protogynous flowering behavior where the stigmas are extruded from the florets prior to anther exser-B uffelgrass is a warm-season, perennial bunch grass tion (Fisher et al., 1954; Snyder et al., 1955) . The period that is an important forage in many of the drier between stigma exsertion and initiation of anthesis is regions of the world, including parts of the southwestern referred to here as the protogynous interval. Little is USA. The grass reproduces primarily by apomixis, with known about the duration of this protogynous interval the mechanism being apospory followed by pseudogamy or the receptivity of the exserted stigmas prior to anthe- (Fisher et al., 1954; Snyder et al., 1955) . Most buffelgrass sis in buffelgrass. There are conflicting reports in the accessions are obligate apomicts (Fisher et al., 1954;  literature regarding stigma receptivity in buffelgrass. Snyder et al., 1955) ; however, facultative apomicts that Snyder et al. (1955) indicated that the stigmas were reproduce by sexual and apomictic means also have exserted and apparently were receptive as early as 36 been reported (Bray, 1978; Sherwood et al., 1980) . Even to 48 h prior to anthesis; however, Bashaw and Funk though apomixis is prevalent within the species, Bashaw (1987) reported that the stigmas began to emerge 2 d (1962) reported a unique sexual plant that has been before anthesis but were not receptive until the day used in genetic studies. Pseudogamous apomicts, such of anthesis. as buffelgrass, require fertilization of the polar nuclei
In the past, successful hybridization in buffelgrass has for endosperm development. Therefore, viable pollen been accomplished by hand emasculation or with a gais a necessity for seed set in apomictic buffelgrass. Pollen metocide prior to pollination. Because of the small size viability also is important for hybridization in apomicts of the florets, hand emasculation is a tedious, difficult because when a facultative apomict is used as the female process which often results in damaging the pistil in an emasculated floret. An experimental gametocide that determine the receptivity of stigmas during the different MATERIALS AND METHODS protogynous intervals, and (iii) determine seed set unPlant Materials der both self-and cross-pollinated conditions during the different intervals for both sexual and apomictic Seed of 447 buffelgrass accessions in the National Plant Germplasm System (NPGS) were germinated and 10 seedlings buffelgrass accessions. rescences of each accession were placed into glassine bags of each accession were transplanted into individual pots in a greenhouse. After the seedlings had produced from 3 to 5 prior to stigma exsertion. At approximately 0800 h of the tillers, five plants of each accession were transplanted into a following morning, the bag was removed from each infloresfield nursery on the Texas A&M University Research Farm cence and the florets of each involucre were examined to near College Station, TX, in April 1996 and were used to determine if stigma exsertion had occurred. Once stigma exdetermine the variation for protogynous interval in this popusertion had initiated, the date was recorded and each stigma lation. The interval between stigma exsertion and anthesis was was examined with a 16ϫ hand lens to determine if pollen determined by monitoring the florets in the upper one-third was present. All involucres with contaminated stigmas were of a minimum of five inflorescences within each accession.
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Continued.
in which stigma exsertion had not occurred. To determine cences were pollinated. This was continued each morning until the day of anthesis at which time the remaining inflorescences when the stigmas were receptive, stigmas of florets on different individual inflorescences were hand-pollinated on consecutive with exserted unpollinated stigmas were pollinated prior to anther dehiscence. This protocol was followed for each accesdays following stigma exsertion. Some inflorescences were pollinated the morning of stigma exsertion and the remaining sion and depending on the protogynous interval of the accession, pollinations were made on (i) 3, 2, 1, and 0 d for those inflorescences were enclosed in glassine bags. The following morning the bags were removed from some of the remaining with the long interval, (ii) 2, 1, and 0 d for those with the medium interval, and (iii) 1 and 0 d for those with the short inflorescences and the stigmas of florets on these inflores- interval. After each inflorescence was pollinated, it was en-
Seed Set
closed again in a glassine bag. This procedure was followed Seed set also was determined for all accessions under both for those inflorescences used to determine stigma receptivity self-and cross-pollinated conditions. The same pollination and pollen tube growth under both self-and cross-pollinated protocol described above was used for seed set determinations. conditions, as well as those used to measure seed set for selfOnce the respective inflorescences were cross-or self-polliand cross-pollinated conditions. nated, they were immediately bagged and harvested 28 d later.
A minimum of 200 primary florets was removed from the
Stigma Receptivity and Pollen Tube Growth
involucres of each inflorescence, and these were counted and threshed to dislodge the caryopses. Percentage seed set was To determine stigma receptivity and pollen viability, 10 calculated by dividing the number of caryopses by the number involucres were removed from selected inflorescences of each of primary florets harvested and multiplying by 100. accession at different time intervals following pollination, All data were tested for normal distribution and then anafixed in FAA for 30 min., and stored in 70% (v/v) ethanol.
lyzed by SigmaStat version 2 (SPSS, 1997). Data were analyzed Involucres were collected 15 min after pollination and thereafby paired t-tests or ANOVA as appropriate. Significant differter at hourly intervals up to 6 h. Pistils were dissected from the ences were determined at the 0.05 probability level. primary florets and prepared for examination with fluorescent microscopy by a modification of Kho and Baë r's (1968) anthesis. These findings demonstrate variability for P. ciliare (L.) Link var. setigerum (Vahl.) Leek, (PI 193444) length of the protogynous interval within buffelgrass.
pollen was used for the cross-pollination studies.
This range could be an important criterion in selecting accessions to use in a hybridization program, especially under a 12-h photoperiod the following winter and the nated conditions appeared to be slower in buffelgrass than other warm-season grasses. In dallisgrass, Pasprotogynous interval of each accession was the same as when the plant was grown in the field the previous palum dilatatum Poir., and P. juergensii Hackel, the tubes grew to the micropyle within 45 min after pollinasummer. This suggests that protogynous interval is a consistent trait that is not influenced by different envition (Burson, 1987) . The same was true for kleingrass, Panicum coloratum L.; however, in P. deustum Thunb. ronmental conditions. and P. antidotale Retz., from 1.75 to 2 h were required for the tubes to reach the micropyle (Burson and Young,
Self-Pollination 1983
). An important finding from this study is that the Pollen Germination and Tube Growth pollen tubes were observed at the micropyle, whether pollination occurred 3, 2, 1, or 0 d prior to anthesis. Pollen tubes were observed within 15 min of conThese results support the conclusions of Snyder et al. tacting the stigmas in all six accessions, regardless of the (1955) , who reported that buffelgrass stigmas were reprotogynous interval or the day within the protogynous ceptive up to 48 h prior to anthesis. interval when pollinations were made. Mean pollen germination under self-pollination ranged from 51 to 84% across all six accessions (Table 1 ). There were significant Seed Set (P Ͻ 0.05) differences in pollen germination between
Seed set under self-pollination ranged from 11.5 to the three protogynous interval groups. The two acces-75.7% (Table 2 ). Previous studies have reported selfsions (PI 409367 and PI 409407) selected for the shortpollinated seed set in buffelgrass to range from 2 to interval group produced pollen of lower viability. The 84% ( Read and Bashaw, 1969) and 27 to 91% (Hignight reason for their lower germination is unknown. Acceset al., 1991) . Mean seed set for the short, intermediate, sion PI 409704 of the intermediate group also had a and long protogynous interval groups was 24, 40, and relatively low mean germination of 59% (Table 1 ). The 60%, respectively (Table 2 ). Significant (P Ͻ 0.05) difmost likely reason for the lower germination is that this ferences were observed between the three interval accession is a meiotically irregular pentaploid with 45 groups, as well as between the accessions within the chromosomes; the other accessions are stable tetrashort and long interval groups. Those accessions with ploids with 36 chromosomes. During meiosis, the 45 lower pollen germination generally had lower seed set. chromosomes associate essentially as 18 bivalents and Seed set was not influenced by what day during a proto-9 univalents. The univalents tend to lag behind the other gynous interval pollination occurred. Seed set data demchromosomes during anaphases I and II, and form mionstrate that the pollen tubes are proceeding through cronuclei at telophases I and II which often are not the micropyle into the female gametophyte and fertilizaincorporated into the nuclei. Consequently, the resultion is occurring. This is most evident in the sexual tant pollen grains lack chromosomes and viability is accession S 12103 which requires double fertilization for reduced. Pollen germination for the remaining accesseed development. It is also true for the five apomictic sions (PI 285657, PI 315679, and S 12103) was 80% accessions because they are pseudogamous and are beor higher (Table 1) . Differences in pollen germination lieved to require fertilization of the polar nuclei for between these three accessions and the two selected for endosperm development. the short-interval group appear to be genotype specific. Thus, germination does not appear to be associated with Cross-Pollination the protogynous interval or influenced by the length of time the stigmas have been exserted from florets prior Pollen Germination and Tube Growth to pollination.
Pollen germination and tube growth were examined Following pollen germination, the tubes immediately for each accession when pollinated with pollen from elongated and penetrated the stigma papilla where they the birdwoodgrass accession PI 193444. Regardless of continued growing through the stigma branches and into accession, protogynous interval, or the day within the the central axis of the stigma. With the exception of PI protogynous intervals that the stigmas were pollinated, 315679, the time required for the tubes to grow into the the pollen germinated within 15 min of contacting the style, regardless of when the stigmas were pollinated, stigmas. Percentage germination was much higher under was 2 h or less (Table 1) . Pollen tube growth through cross-pollination than self-pollination, with the excepthe stigma in PI 315679 was slower than the other accestion of PI 315679 in which they were about the same sions; however, once the tubes entered the style, their (Tables 1 and 3) . With cross-pollination, mean germinagrowth into the ovary and to the micropyle was rapid tion ranged from 81 to 91% for the six accessions. The because they were observed to be at the micropyle birdwood accession PI 193444 was used as the pollinator within 3 h (Table 1) . For all six accessions, the pollen because it produced good quality pollen (Read and Batubes reached the micropyle within 3 to 5 h following shaw, 1969). Findings from this study confirm their repollination. It appeared to take more time for the tube ports (Table 3) . grow to the micropyle in PI 409704 than the other accesImmediately following germination, the tubes began sions. This slow growth rate could be associated with elongating and penetrated the stigma papillae. In most the high frequency of aneuploid pollen resulting from accessions, the tubes grew through the stigmas into the the meiotic irregularities in this pentaploid accession.
Pollen tube growth through the pistil under self-pollistyles faster when cross-pollinated than when self-polli- 315679 (Tables 1 and 3 more rapidly than when self-pollinated (Tables 1 and   Accession  anthesis  Florets  Caryopses  Seed set  SE 
